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SUMMARY 

A single cone side-Wet model was tested 

AT MACH NUMBEX 1.91 

18-inch Mach number 1 . 9 1  wind tunnel.  Total-pressure-distortion  data 
were obtained f o r  variations in constant-area mixing length at the end 
of the  subsonic  diffuser and inlet  operation.  Alterations t o  the basic 
configuration  included: two cowl-lip  bleed s lo t s  at the  inlet   f loor ,  
addition of uniform  screens  with  systematic changes in mesh and flow- 
area blockage,  and instal la t ion of a simulated co~upressor hub. 
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t i  u Data at a diffuser-exit  Mach nuniber of 0.36 are  compared wfth data 

. same length of natural mixing was less effective in reducing  distortion, 
of a similar study a t  Mech 0.20. A t  the higher  duct Mach number, the 

while  screens were more effective.  However, the greater  effectiveness 
of screens at the  high Mach  number was accompmied by much larger   total -  
pressure  losses than occurred a t  the lower Mach number. Y 

Direct results of this investigation showed that (1) reacceleration 
of the  flow about the compressor hub was effective, within experimental 
limitations, in  reducing  distqrtion; and (2) f o r  a given l e v e l  of block- 
age, screens with small wire  diameter and large mesh number resulted in 
the most rapid  reduction of total-pressure  distortion. 

INPIODUCTION 

The resu l t s  of several natural and forced mixing devices are re- 
ported in  reference 1 f o r  a side-inlet mode l  wlth a diffuser-exit Mach 
number  of 0.20. All of these mixing schemes were successful 3n reducing 

vanced engines  are  capable of operatfng at hfgher  compressor-face Mach 
numbers. Therefore, in  order  to  evaluate mixing devices a t  a higher  dis- 
charge Mach number, several of the more favorable schemes of reference 1 
were investigated in a side-inlet  model with a diffuser-discharge Mach 
number of 0.36. 

0 total-pressure  distortion at the compressor-face station. However, ad- 
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Distortion  effects of' the following model additions  or changes were 
1) constant-area mixing lengths at the end of the subsonic 

diffuser, studied: f 2)  screens with systematic  variations in mesh and flow-area 
blockage, (.3) bleed  slots on the inlet cowl, and (4) 8 simulated  compes- 
sor hub. The investigation w a s  conducted in the NACA Lewis 18- by 18- 
inch Plach  number 1.91 WLnd tunnel. 
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SYMB0I.S 

flow ares, sq in. 
diameter of' constant-area  duct, 2.20 in. 
diameter of screen wire, in. 
axia l  positdon of pressure  rake in the constant-area  duct-(see 

f i g .  11, in. 
Mach number 

mass flow 

total   pressure 

total   pressure a t  Fndiv idd   tube  

maxhnm minus minimum value of total pressure at rake stat ion 

static  pressure 

radius of constant-area  duct, 1.10 in. 

radial locatian  of-pressure  tubes in rake,  in. 

number of wires per  inch of screen 

angular locat ion of throat survey tubes (see f ig .  31, deg 

screen so l id i ty  (or flow-area  blockage) 

..... .. . - . 

Subscripts : 

t h  throat 

0 free stream 

1 conditions at  model stat ion 0 
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c 2 conditions at movable pressure  rake 

- 3 conditions at mass-flmr measuring stat ion 

Superscript: 
- 

arithmetic  average 

cu APPARATUS AND PROCEDuRl3 
3 
d 

Details of the m o d e l  are shown i n  figure 1. A half-conical  external 
compression surface, positioned  to  provide  approximately  l0-percent  spill- 
age a t  the  i n l e t   l i p  f o r  a free-strean Mach rimer of 1.91, was followed 
by the  subsonic-diffuser  flow-area  variation shown in figure 2. The 
constant-area  section  indicated in figures 1 and 2 was 3.5 diffuser-exit 
d i e t e r s  h g .  Instrumentation in this par t  of the model included a 
pressure  rake i n  the  constant-area  duct and a set of rakes at  model sta- 
t ion  0. This latter se t  of rakes, which consisted of 2 1  total-pressure 
tubes  placed in three circumferential  arrays of seven tubes each, was 
ins ta l led   in  the model f o r  only part of the test program. 

Details of the constant-Etrea pressure rake &re a l so  shown i n  f ig-  
ure 1. For one ser ies  of tests, a simulated compressor hub was seated 
over the  nine innermost total-pressure  tubes of this rake. The r a t i o  
of the hub radius  to  the  duct  radius was 0.500. With or without the 
presence of this hub, the rake  total-presske  tubes were located ( w i t h  
the exception of the  center  tube) at  the centroids of equal  areas. TRe 
rake, or  rake and hub combination, was remotely translated through the 
length of the constant-area  passage. Data from this rake were used in 
calculating  average inlet total-pressure  recovery FdPo and dis tor t ion 
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The remaining portion of the model (not shown in  f i g .  1) was ex- 
ac t ly  as reported in reference 1. Downstream of model s ta t ion  18.18, 
the  captured air was further diffused  to  another  constant-area  duct 
where the model airflow was regulated w i t h  an ex i t  plug. Four wall 
static-pressure  oriffces in this duct were used in conjunction w i t h  the 
plug  exit area in calculations of inlet mass flow. 

Modifications t o  the basic  configuration  included (1) the addition 
of two cowl-lip  bleed  slots at the diffuser   f loor  (one is shown in fig. l), 
and (2 )  the installat ion of a ser ies  of uniform  screens at model station 

mesh ( e  = 2)  and then msh at a constant blockage (cp = 0.19). Dimen- 
sions and values of parameters for  these  screens  are  presented in 
table  I. 

F 10.49. The screen  series first varied  flow-area  blockage a t  a constant 
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The investigation was conducted in  the MACA Lewis 18- by 18-inch 
Uach  number 1.91 wind tunnel.  Total  temperature and dewpoint were main- 
tained at 150' and -5' F (or less), respectively, while tunnel   total  
pressure- ww approximately  atmospheric. The model w a s  mounted in  the 
tunnel as a nose in le t .  

Two of the basic mdel modifications were tested w i t h  a series of 
the screens: (1) the model with the cowl bleed addition and  no diffuser 
reacceleration, and (2) the model w i t h  compressor-hub reacceleration and 
no bleed. Tests  without  diffuser  screens were conducted with (1) the 
basic configuration, (2) basic w i t h  bleed, and (3) basic with compressor 
hub. .. . . .  

P 

E i  
Distortion and pressure-recovery data were taken at four  longitu- 

dinal positions of the .pressure rake i n  the  duct. With the model alined 
t o  the tunnel axis, these data were obtained  over a mass-flow range fo r  
a l l  configurations. 

RESULTS AND DISCUSSION 

The effect  of" the addition of cowl-lip  bleed  .slots on the to ta l -  
pressure  distributions at the inlet (model s ta t ion O} is shown i n  figure 
3. For the basic M e t ,  the lowest-energy air occurred  near the corners 
formed by the centerbody  surface and spl i t ter-plate   f loor .  The use of 
l i p  bleed did not  significantly  reduce the dis tor t ion parameter APP, 
defined as the maximum minus the minimum total   pressure a t  any  measuring 
station  divided by the average total   pressure at that stat ion.  On the 
other hand, the average  pressure  recovery was reduced a small amount.. 
In general,  therefore, the lip-bleed system was not effective in  bprov- 
ing  inlet  performance. 

lil the  following  sections,  diffuser-exit- data are  -presented and dis- 
cussed  under the tm groupings,  "3asic Model" and "Model w$th Compressor 
Hub." Average press&-recovery and distor t ion data obtained a t  the di f -  
fuser  exitrare summarized i n  table 11. The higher  pressure  recovery for 
the model with compressor hub,  which may be noted in  table 11, w i l l  be 
discussed later. 

B a s i c  Model 

The basic  configuration was tested withand without the bleed  slots 
and with bleed and the constant-mesh screen series. In l e t  performance 
curves are presented  in  figure 4. These pressure-recovery  curves were 
ident ical   for  all positions of the pressure rake in  the constant-area 
passage. Hence, only data points  for a nondimensional distance 2/d of 
0.19 are indicated. The associated  distortion-number  variations  with 
mass flow in figure- 4 were typical. i n  form but  differ.knt iii magnitude 
from those obtained a t  other positions of..the pressure rake. 
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Typical  total-pressure  profiles  for the case  without bleed or screens 

are presented in figure 5 f o r  a range of mass flow.  Contours are expressed 

rake. The average  values of the  four  static  pressures (see f ig .  1) meas- 
&ed at  the  rake are also  presented as the percent below the average total  
pressure. In addition, mass-flow ratio,   average  totd-pressure recovery, 
and distortion number are indicated for each profile.  The dis tor t ion num- 
bers-are expressed t o  three decimal  places,. whereas the contours are la- 
beled t o  the  nearest  percent. Hence, the  difference between the m a x i m u m  
and minFmum contour  values is only approximately  equal to the   dis tor t ion 
nmber. I n  general, the higher pressure  cores were located in the  upper 
portion of the duct. Also, in  each of these  profiles,  high and low re- 
gions of nearly  the same magnitude were present; hence, each zero contour 
encloses appraxFmately half of the duct area. 

.I as the percent above or below the average total   pressure measured at the 

For a measure  of effectiveness in reducing  distortions,  turbulent 
pipe-flow distortion  values are plotted in figure 6 as a function of 
average  duct Bhch amber. The values were calculated  to 0.954 of the 
duct  radius  for a l/?-pOwer veloci ty   prof i le .  This radius  ratio, 0.934, 
corresponds t o  the physical  location  of the outermost  pressure  tube in 
the translating rake. Reference 2 has &own that these pipe-flow values 
show distortion  trends and that they may be considered as reference dis- 
tortions  or  limiting  values.  For exaqple, a rise Fn dis tor t ion  with in- 
creasing duct Mach  number is shown in figure 6. The same trend  ie  seen 
fn f igwe 4. The more abrupt  experimental r i s e  was probably due t o  
inter&-shock - boundary-layer  Fnteractions, which cause local  flow 
separations, as pointed  out  for similar cases In references 2 and 3. - 

Total-pressure  distortion numbers are plotted against the c o n s t a t -  
Y area mixing-length parameter 2/d in f igure 7 f o r  a diffuser-exit Mach 

nuniber of 0.36. For all configurations,  distortion decreased wlth in- 
creased mixing length. The addition of bleed  s lots  a t  the i n l e t  cowl 
caused  very l i t t l e  change i n  t he  dis tor t ion  character is t ics  with respect 
to mixing length (fig.  7 (a} ) . 

The effect of uniform screens  (placed at an Z/d of zero) on the 
distortion  variations is shown in figure 7(b). After 2 diametere of 
mix- lengkh, dis tor t ion decreased w i t h  increased blockage, the largest  
reduction due t o  screens occurring af te r   the  camplete length  of mfxing 
(3.5d).  Figure 6 shows tha t  the pipe-flow  reference value of  distortion 
at an average  duct Mach number of 0.36 is 0.076. The data f o r  mixing 
after the screen with 0.30 blockage are most nearly approaching th i s  
value. Hence, in this case, the use of screens in conjunction with n a b  
ural m i x i n g  lengths m i g h t  be thought  of as accelerating the  natural  mix- 
ing  process. 

- 

The effect  of screens on the total-pressure  profiles is presented i n  
f igure 8. The high pressure cores are st i l l  located in the top half of 
the duct passage, while the  pressure  distributio?M again have equally 
high and l o w  regions  for  screen  blockages cp of 0.19 and 0.30. 
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Figure 9 shows the percent loss in total  pressure  across  screens as 
a funct-lon of flow-area.  blockage for  the  present data at a duct Mach 
rimer of 0.36 and for similar-data from reference 1 at a Mach  number- of 
0.20. The data from reference 1 have also been used t o  predict  the  losses 1 

at Mach 0.36 from the   assu~~ption that the losses are directly  proportional 
t o  the entering dynamic pressure. The experimental  curve shows s l ight ly  
larger  losses; however, the estimate is  a good first approxiaation.  Fig- 
ure 10 shows the associ-ated  reductions i n  distortions measured at 2/d 
of 3.5 by varying the flow-area  blockage. It should  be  noted that in 
this figure the no-screen  di6tOrtiOn6 for Mach 0.36 and 0.20 are 0.157 
and 0.044, respectively. Fi@;uFes- 9 and 10 show that ,   for  the sane 
percentage  reduction in distortion,  the totalLp2.essure losses across 
the  screens at the  higher Mach  number were 1.5 to 2 times the  losses   a t  
Mach 0.20. 

. .  " 

. -. . . . . 

n: 
. -_ . .. 

Model with Compressor Hub 

The configuration with the simulated compressor hub w a s  tested with- 
out  the  lip-bleed  addition  but w i t h  the constant-mesh and constant- 
blockage  screen series. Inlet perfomgmce curves are  presented in f ig-  
ure 11. Supercrit ical  data were limited because of choking at the r e ,  
w h i c h  was caused by the area reduction of the hub in combination with 
the total-pressure losses across  the  screens. As  in the  previous  resultf;~, 
no change Fn recovery  occurred  with mixing length; and, therefore, only 
the data points  for  the f i rs t  measuring stations in  the constant-&rea duct 
are shorn. With the  addition of screens, the first measuring s ta t ion was . 
changed from Z/d oFO.19 t o  0.58. .. . 

Distortion numbers are  plotted  against  constant-area mixing-length 
in  f igure 12 fo r  a.Mach number of0.52. This Mach number over the com- 
pressor hub corresponds t o  a Mach nur@er ~of"O;36"ir"khe~ basic flow pas- 
sage. The constant-Esh  screen  distributions of figure 12(a) show that, 
after 1 diameter of-mlxizig,. distortions decreased  with  increased  flow-area 
blockage. In general,  the  largest improve&nts in dis-Eortion occurred at 
the end of the mixing section. 

. .  - .. . . . - . . 
" 

I 

. . - " 
. . .  . 

The e f f e c t o f  mesh is shown in the  constant-blockage  curves of -fig- 
ure 12(b). The larger-mesh  screens (E = 4 and 6 )  were more effective in 
the  first 1.5 diameters of m3xing. This figure also shorn that the ad- 
dit IomL mixing lengths beyond 2 dismekrs fo r  E of 4 and 6 slight.ly 
increased the measured distortion  level.  Within experimentaL.accuracy, 
the- tot~-preesure- losses  across  these  screens were the same as those 
shown in figure- 9. . .. -. . . . . . " 

_ .  

The constantbloclrage data of- figure 12(b) are  replotted in  figure 
13 as a function of a different nondbnmsional  mixing-length  parameter 
Z/Q, the axial distance  in  the  constant-area  duct  divided by the dl'am- 
eter of the screen wire. An optimum value of Z/% of about- 150 existed 
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for  the  screen  configurations  investigated. Higher values did not mark- 
edly  increase  the  resultant  distortion, however. As 21% decreased 
below 150, the distortion  increased  rapidly,  probably  because of large 
wakes fronthe  screen  wires which  Impinged on the measuring tubes. In 
general,  these data Fndicate the desirabi l i ty  of using screens  having 
large mesh numbers and snall wire d a t e r s  to achfeve the most rapid 
distortion  reduction with a given screen  blockage. 

- 

Sample total-pressure  profiles  with and without  screens are pre- 
, sented in figure 14. The higher-energy air that existed in the top half 

of the  duct without the simulated hub (see f i g .  8 )  m8 displaced t o  the 
upper surface of the  compressor hub. Comparisons w i t h  analogous prof i les  
without  the hub (fig. 8) show tht  sane hi&- or  low-energy air ,  or both, 
measured without  the hub, was not  picked up by the reduced instruments- 
t ian .  Because of the  acceleration of the compressor hub, the low-energy 
stream  tubes of the basic flow  passage have  been displaced  closer t o  the 
walls of the annular passage. Rence, th i s   d i f fe ren t  measuring  technique 
can also explaln the higher  level  of  average  total-pressure  recovery 
shown i n  table  I1 fo r   t he  mudel with the compressor hub. 

Distortion  values obtained without  screens  are  presented in figure 
15 as a function of straight m i x i n g  length f o r  the duct Mach  nLnnbers of 
the present  investigation and of reference 1. N a t u r a l  m i x f n g  was much 
more effective at the  duct Mach number  of 0.20 than at Mach 0.36. The 
dis tor t ion  levels  a t  the  entrance  to the straight mFxFng length  differed; 
however, distortion dropped  about 72 percent  over  the 3 . 5 - d i e t e r  pas- 
sage length  for Mach-number 0.20, compared with 15 percent  for Mach 0.36. 

would be  expected from the  longer  residence time and higher shear of the 
lower-speed flow. The distortions at Mach 0.36 showed no tendency t o  
approach the pipe-flow value of 0.076 ( f r o m  flg. 6). On the other hand, 
the k c h  0.20 flow was rapidly apprachfng its pipe-flow  value of 0.022. 

- This greater  effectiveness of n a t m a l m i x i n g a t  the lower Mach  llumber 

Turning to a comparison of the Mach 0.36  and 0.52 curves of figure 
15, a substantial  distortion  reduction is shown f o r  Mach 0.52.  Because 
of the reduced  instrumentation with the  canpressor hub  and the noted dis- 
placement of the low-energy stream  tubes  closer  to the outer w a l l  of the 
annular  passage, the  exact  value of the real reduction in distor t ion is 
not known. However, within  these  limitations, the compressor hub did 
reduce total-pressure  distortion. 

CONCLUSIONS 

& Investigation of methods fo r  inproving  tothl-pressure  distortions 
a t  a diffuser-exit Mach  number of 0.36 and  comparisons with simflar data 
at Mach number 0.20 indicated  the  following: 
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1. The same length of na tu ra l  mixing in  constant-area  ducts  follow- 
ing  subsonic diffmers was less effectFve  in  reducing  distortions a t  the 
hlgher Mach number. 

2. Reacceleration of i n l e t  flow  about a simulated compressor hub 
wa8 effective,  wlthin exper3menta.l limitS;tions, in reducing  distortions. 

3. Increasing f low-area  blockage by the use of uniform screens re- 
sulted in larger  distortion  reductions at the  higher Mach number. How- 
ever, for  the  samepercentage  reduction in distortion, the total-pressure 
losses  across  the  screens at the higher Mach  number were from 1.5 t o  2 . 
tFmes the losses at Mach 0.20. 

4 .  For a given level of blockage,  screens  with small wire diameter 
and large mesh n M e r  gave the most rapid . reduction . .  i n  distortion. 

Lewis Flight  Propulsion Laboratory 
National Advisory Committee for  Aeronautics 

Cleveland, Ohio, November 6, 1956 
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Number of wires 
solidity, diameter, per inch, 

screen Wire 

€ %?, cp 
in. 

2 

2 

4 

5.5 

2 

0.0260 

.OW8 

.187 .017 9 

.192 .0253 

.193 .Om8 

0.101 

.297 
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TABLE 11. - SUMWRY OF PRESSURE-RECOVERY AND DISTORTION DATA 

Model 

I 

1- Bas IC 

w i t h  lip 
bleed 

Basic 
with 
compressor 
hub 

1 Screens at  
model sta t for  

10.49 

cp 

0 

0 

.lo 

.19 

.30 
0 

.10 

.. 19 

.19 

.19 

.30 

€ 

0 

0 

2 

2 

2 

0 

2 

2 

4 

6 

2 

Mach-&iber, 
MZ 

pressure 
- 

regovery, 
P2/PO 

0.36 I 0.881 

0.36 

a 

0.859 

.851 

.837 

.8U8 

0.52 

t 

0.903 

.894 

.868 

.880 

.878 

.838 

Distortion 
number at 

l / d  of 3.47 
m 2 F 2  

0.172 

0.157 

.129 

.097 

.083 

0.132 

,100 

.081 

.088 

.099 

.062 
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4142 , 

Location of survey tubes 

rage recovery 1 - - -1- Average recovery 1 bl 
U 

60 129 180 
Location of eurvey 

(a)  Basic configuration. Distortion number (b) Lipbleed configuration.  Distortion num- 
ml/i?IJ 0.26. ber 0.252. 

Figure 3.  - Inlet eurveya at model s t a t ion  0 (dimensions fn Inches). 
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(a) Screen  blockage 
'PI 0; no bleed. 
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0 Pressure rake a t  

- - Unstable  operation 
t / d  o? 0.19 

.? .8  .9 .5 -6 .7 
hes - f low ratio, q/mg 

.9 

(b) Screen  blockage 9 ,  0; ( c )  Screen blockage '8, 0.10; acreen 
l i p  bleed. meah E,  ZJ l ip   b leed.  

Figure 4 .  - Inlet--performance  curves. Effect of l i p  bleed and screena. 
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0 Pressure  rake a t  

- - Unstable  operation 
2/d of 0.19 

1.0 I Rake Mach number, I 1 

.6 .7 .a .9 .6 .7 .a .9 

15 

(d)  Screen  blockage cp , 0.19; (e)   Screen  blockage CP, 0.30; 
Screen mesh E ,  2; l i p  bleed.   screen mesh 8 ,  2; l i p  bleed.  

Figure 4. - Concluded. Inlet   performance  curves .   Effect  of 
l i p  bleed and screens. 
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0.837 
0.151- 0.190 

0.896 
-14% 

. ... . 

0.875 
0.522 
0.781 

- . . .. . - . -. . . " Z $ .  

Figure 5. - Variation of total-pressure  profil+s,- "Effe& sf mass f l o w .  Mixing 
length Z/d, 0.19; Bcreen blockage aJ 0; no bleed. 
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0 .2 .3 - 4- .5 
Average duct Mach number, M 

-6 

Figure 6. - Total-pressure distortion for a three-dimensional, l/'l-power 
velocity profile to a radius ratio of 0.934. 
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.2  

Screen  blockage, 

.1 

.o 
0 1 2 . 3 . . .  . ". - " . 4 . ". . 

MFxing length, 2/d 

(b) Effect- of screen blockage wtLh lip bleed.  Screen mesh E ,  2. 

. 

I 

Figure 7. - Variation of toixd-pressure distortion in d i f m s e r  constant- 
axe8 section with mixing length. Average Mach number, 0.36. 
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0 
0.164 

19 

0.10 

0.149 
2 

0 -30 
0.108 

2 

Figure 8. - Variation of total-pressure profiles.  Effect of l i p  bleed and screen 
blockage. Mixing length Z/d, 2.00; average Mach number, 0.36; average  rake 
static pressure {F2p2)  - 1, -14 percent; l i p  bleed. 
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I 

rp' 
I- 
K 
IP 

Screen blockage, cp 

Ffgure 9. - Total-pressure losses with acreens. 

Figure 10. - Distortion  reduction with screens. Mixing 
length l / d ,  3.5. 
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Figure U. - Inlet performance curvee vith compressor  hub.  EPfect of screens. 
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( b )  Effect   of   screen mesh. Screen blockage q,  0.19. 

F igure  12. - Variat ion of t o t a l - p r e s a u r e   d i s t o r t i o n s  
a t  compressor hub with constant-area  mixing  length.  
Average hub Mach number, 0.52. 
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